We repeatedly measured the trabecular bone (TB) microstructure of the distal radius in 5 healthy volunteers using a compact magnetic resonance (MR) imaging system to evaluate the reproducibility of the TB structural parameters. The compact system was specially developed with a 1.0-tesla permanent magnet for the distal radius in a previous study. We measured the distal radius using a 3-dimensional (3D), driven-equilibrium, spin-echo sequence (repetition time/echo time＝80 ms/10 ms, number of excitations＝1,ˆeld of view ＝76.8 mm×57.6 mm×16.0 mm, acquisition time＝17 min, matrix size＝512×384×32, voxel size＝150 mm×150 mm×500 mm) and analyzed the acquired image datasets using the virtual bone biopsy system developed by the University of Pennsylvania. Root mean squares of the coe‹cients of variance expressed as percentages ranged from 2.9z to 14z for the TB structural parameters. Therefore, we concluded that this compact MR imaging system could be used to assess TB microstructure of the distal radius and provide results consistent with those using a whole-body MR imaging system and showing the promise of this system for evaluating bone quality in clinical settings.
Introduction
Osteoporosis is characterized by bone volume loss and structural deterioration, and because it increases the risk of bone fracture, prevention and early diagnosis are highly desired. In addition to measurement of bone density, measurement of in vivo trabecular bone (TB) microstructure is essential for diagnosing and assessing drug therapy for osteoporosis. 1 In vivo TB microstructure measurements have been performed using high-resolution, peripheral X-ray computed tomography (HR-pCT) systems 2, 3 and high-ˆeld (AE1.5 tesla) whole-body magnetic resonance (MR) imaging systems. 4, 5 However, because the HR-pCT system uses ionizing radiation, radiation doses limit spatial resolution. Although measurements are safer by MR than CT, wholebody MR imaging systems are expensive.
To overcome this disadvantage, compact MR imaging systems have been developed to measure TB microstructure of theˆnger 6 and distal radius 7 .
We evaluated the reproducibility of the TB structural parameters of the distal radius measured using the compact MR imaging system developed for the distal radius to demonstrate the feasibility of its clinical application.
Materials and Methods
After obtaining informed consent from 5 healthy male volunteers (aged 22 to 25 years), we performed repeated MR imaging measurements using a compact system developed to measure the TB microstructure of the distal radius. 7 The system comprised a permanent magnet (Hitachi Metals Co., Tokyo, Japan, magneticˆeld strength＝ 1.02T, gap width＝100 mm, homogeneity＝36 ppm over a 60-mm diameter spherical volume (dsv), weight＝1400 kg), a gradient coil set, a radiofrequency (RF) probe, and an MR imaging console (Fig. 1a) . The RF probe was a 6-turn solenoid with an oval aperture (90 mm×55 mm) and 40 mm in length (Fig. 1b) .
They inserted the wrist of the nondominant hand into the RF coil and tightlyˆxed it using a soft pad and ‰exible belt to avoid involuntary motion of the wrist during MR measurements. We imaged the distal radius using a slice-selective, 3-dimensional (3D), driven-equilibrium spin echo (3D-DESE) sequence (repetition time/echo time (TR/TE)＝80 ms/10 ms; number of excitations (NEX)＝1;ˆeld of view (FOV)＝76.8 mm×57.6 mm×16.0 mm; acquisition time＝17 min; matrix size＝512×384× 32; voxel size＝150 mm×150 mm×500 mm) (Fig.  2) . Before acquiring 3D images, we acquired a coronal scout view to determine the position of the distal radius. To evaluate reproducibility, we scanned the wrist of each subject 3 times after repositioning and performed all measurements within a few weeks.
We analyzed the 3D image datasets of the wrists using the virtual bone biopsy system 5, 8, 9 developed by the University of Pennsylvania and obtained trabecular bone volume-to-total volume density (BV/TV) and several bone structural parameters.
Results Figure 3 shows a cross-sectional image selected from a 3D image dataset of the distal radius acquired with the 3D-DESE sequence and a 3D projection image of a cylindrical core extracted from the 3D dataset. The signal-to-noise ratio (SNR) of the bone marrow signal in Fig. 3a is about 10. The SNR value and the image quality of the projection image are similar to those obtained with a 1.5T whole-body MR imaging system.
5,10
The table shows the means and coe‹cients of variance (CV) of the TB structural parameters calculated for the 5 subjects (S1-S5). CV is deˆned as the standard deviation of the 3 repeat measurements for a subject divided by the subject mean. CV values expressed as a percentage (zCV) are shown in parentheses. The bottom row of the table presents the root mean squares of the zCV values (RMS-zCV) calculated for each TB structural parameters.
The TB structural parameters are trabecular bone thickness (T_THICK), measured in mm; surface-to-curve ratio (SCR), the ratio of plate-to rodlike TB; and topological erosion index (TEI), the erosion status of the TB. 8 All parameters except T_THICK have no unit. The RMS-zCV values varied from 2.9 to 14.0z (Table) .
Discussion
In a similar experiment using a 1. MR imaging system to evaluate the distal radii in 6 healthy subjects, the RMS-zCV of BV/TV was 4.6 z; of SCR, 10.0z; and of TEI, 6.9z. 9 These values are about 70z of the RMS-zCV values for our study: BV/TV, 6.5z; SCR, 14.0z; and TEI, 9.6z. The diŠerence between these 2 experiments is probably due to the amount of subject motion and failure to match the analysis volume. Theŷ rmlyˆxed the wrist using a vacuum bag and employed a motion correction signal (navigator echo), 9 but we did not use such a useful device nor a motion correction method. Therefore, if we improve wrist immobilization and apply a motion correction method, we could obtain reproducibility comparable to that with a 1.5T whole-body MR imaging system.
The 17-min measurement time seems too long for a routine clinical examination and may be reduced by using a more sensitive RF coil, such as a ‰exible or split-type coil with much smaller diameter.
In conclusion, our compact MR imaging system enabled assessment of TB microstructure of the distal radius with results consistent to those obtained using a 1.5T whole-body MR imaging system, thus demonstrating the system's promise for evaluating bone quality in clinical settings.
